The authors review the association between diabetes mellitus (DM) and aberrations of lipid metabolism related to DM, diabetic dyslipidemia (DD). DM is considered as a major health burden worldwide and one of the most important modifiable cardiovascular disease (CVD) risk factors. This applies to both the developed and the developing countries, especially the latter. While patients with type 1 DM, 10% of all DM cases, usually do not have dyslipidemia, DD is frequent among patients with type 2 DM (T2DM) (prevalence > 75%) and is mainly a mixed dyslipidemia [increase in triglycerides (TGs), low high-density lipoprotein cholesterol (HDL-C), and small-dense (atherogenic), low-density lipoprotein cholesterol (LDL-C) particles]. The components of DD, which is characterized by quantitative (mentioned above), qualitative, and kinetic abnormalities all contributing to CVD risk, are mostly related to insulin resistance. Statins, ezetimibe, and PCSK9 inhibitors can be used in monotherapy or consecutively in combinations if needed. Statins compose the main drug. For the residual CVD risk after statin treatment, the use of statin-fibrate combinations is indicated only in patients with mixed dyslipidemia. In conclusion, DD is a major health problem worldwide. It is a significant CVD risk factor and should be treated according to current guidelines. The means today exist to normalize all quantitative, qualitative, and kinetic aberrations of DD, thereby reducing CVD risk.
Introduction
Over the last few decades, the number of patients with diabetes, especially type 2 (T2DM), has risen to 350 million worldwide [1] and it is estimated that this figure will further increase to 592 million (1 in 10 adults) worldwide by the year 2035 [2, 3] . During the next 20 years, the number of adults with DM is anticipated to increase by 20% in developed countries and by 70% in developing countries [4, 5] .
DM is a major risk factor for coronary artery disease (CAD), stroke, peripheral arterial disease (PAD), cardiomyopathy, diabetic nephropathy, diabetic retinopathy, and central as well as peripheral neuropathy [6, 7] . In fact, it has been established that DM is a CVD equivalent. The corollary is that in numerous countries, the escalating rates of DM and its close association with CVD are resulting in an ever heavier disease burden for populations and their health care systems.
One of the major features of DM that is closely and causatively related to its macrovascular complications is diabetic dyslipidemia (DD) [8] [9] [10] .
Type 1 DM (T1DM), if well controlled with insulin, is associated with only a few if any aberrations of lipid metabolism [11] . Indicatively, high low-density lipoprotein cholesterol (LDL-C) was found in 15.8% and high triglyceride-rich lipoproteins (TGLs) in 12.9% in a cohort of young T1DM subjects [11] . Only in patients with poorly controlled T1DM and in those liable to develop obesity or metabolic syndrome (MetS) does DD manifest in a form similar to that linked to T2DM [11] . In T2DM patients, hyperinsulinemia, frequently insulin resistance, and β cell failure are related to DD; there are elevated plasma levels of fasting TRLs (the underlying disorders are hepatic overproduction and delayed clearance of TRLs), small-dense LDL-C particles, and low levels of high-density lipoprotein (HDL) cholesterol [1, [12] [13] [14] .
Epidemiology of DD
Five years ago, a global estimate indicated that 65% of patients with DM had LDL-C levels > 100 mg/dl at baseline, this strongly pointing to the necessity for statin treatment in DM patients [15, 16] . In general, the incidence and prevalence of DD are equivalent to those of DM [15] .
In the USA, data from 1980 to 2012 reveal a doubling of the prevalence of DM during the periods 1990-2008 and a plateauing between 2008 and 2012. Nonetheless, the prevalence and incidence of DM has continued to increase among subgroups, including non-Hispanic black and Hispanic subpopulations and those with low education [17] . In Europe, the prevalence of DD is four to sixfold higher in South Asians and African-Caribbeans in the UK compared with European white populations [18] . There is moreover a difference between Eastern vs Western Europe as well as a small gender difference [18] , while the current trend is for a steady increase in both DM and DD [18] .
Worldwide, close to 80% of people with T2DM live in middle-and low-income countries [19, 20] , with a significant proportion of them (41.1 million) living in Latin America [19, 20] . In the latter region, great concern has been expressed regarding the rapidly rising prevalence of DM and DD during the past few decades [19, 20] , this epidemic causing a substantial increase not only in CVD deaths but also in diabetic retinopathy, lower limb amputations, and chronic kidney disease (diabetic nephropathy) [19, 20] . Contributing to the increased prevalence of T2D in Latin American countries have been population growth, aging, and major changes in lifestyle, while medical care for T2DM and its complications is inevitably incurring ever greater costs for the national health system as well as substantial expenses for patients and their families [19, 20] .
However, the biggest problem is DD in South Asian populations (this comprising more than a billion people who live in or come from India, Pakistan, Bangladesh, Sri Lanka, Nepal, Bhutan, Indonesia, Singapore, and Malaysia) [21, 22] who in particular are at very high risk of developing T2DM and CVD [21, 22] . Meanwhile, the overall prevalence of T2DM in South Asia is high and rapidly increasing [21, 22] . As regards DD, the majority of the data come from India, the South Asian country with the largest DM burden, where the prevalence has increased steadily and rapidly over the past four decades [22] .
Pathophysiology of DD
T1DM accounts for about 10% of all cases of DM and is characterized by autoimmune destruction of pancreatic β cells, which produce insulin, by CD4+ and CD8+ T cells and macrophages that infiltrate the pancreatic islets [23], the disease occurring most commonly in individuals of European descent [23] . While 10 years ago there were two million people in Europe and North America with T1DM, the incidence is increasing, most likely because of environmental and/or lifestyle changes, which lead to autoimmune response to islet antigens [24] .
DD among patients with T2DM is very common (prevalence of 72-85%) [9, 25] . This phenomenon is associated with a substantially increased risk of CVD in comparison to subjects without DM, since DD plays a central role in the genesis and the progression of atherosclerosis [9] . The [13] . DD is strongly related to insulin resistance, visceral obesity, and non-alcoholic fatty liver disease (NAFLD) [1, 34] . Insulin resistance is associated with excessive fatty acid flux to the liver that leads to VLDL overproduction [1] . Insulin fails to suppress lipolysis and FoxO1 (a transcription factor that plays an important role in the regulation of gluconeogenesis and glycogenolysis by insulin signaling and also negatively regulates adipogenesis [1] ), but it is still able to activate rapamycin complex 1 (mTORC1) [1] . The effect on FoxO1 results in increased expression of microsomal triglyceride transfer protein (MTTP) and apoCIII, which promote VLDL overproduction and reduce their clearance [1] . Insulin also inhibits the production rate of apoB48 and secretion of chylomicrons [35] , while insulin resistance leads to chronic intestinal overproduction of apoB48, which contributes significantly to both NAFLD and postprandial lipemia, emerging and crucial CVD risk factors [36] [37] [38] [39] [40] [41] .
Genetic studies, though as yet limited, all robustly support the theory that high TRLs or their remnants are causal factors for CVD and total mortality and that low HDL-C is most likely an innocent bystander [1, 42, 43] .
Treatment of DD
As in any form of dyslipidemia, the primary target is the achievement of LDL-C levels below a certain value, this in accordance with the CV risk of the patient.
In The 2013 American College of Cardiology (ACC)/ American Heart Association (AHA) guidelines on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults were very different from the previous guidelines [48] . These guidelines did not set specific targets for any CV risk category (instead merely recommending high-moderate-low intensity statins, according to the calculated 10-year CV risk) and did not suggest follow-up of treated patients [48] . These were two of the reasons that these guidelines were not adopted by any other society worldwide, with the exception of the American Diabetes Association (ADA) 2 years (2015) after their publication. DM was considered to be a high-risk category and it was recommended that DM patients be treated with high doses of potent statins if the patient already has overt CVD, and moderate-to high-dose statins for those who had not had a CV event, depending on overall CV risk [48] . The 2015 ACC/AHA report [49] proposes that patients with DM be treated with moderate-intensity statin therapy for adults 40-75 years old, and high-intensity statin therapy for those who have a ≥ 7.5% 10-year CV risk or a prior CV event [48] . In adults with DM who are < 40 or > 75 years of age or with a LDL-C < 70 mg/dl, it was also recommended that physicians should take several factors into account, among which patient preferences, i.e., when they choose to commence, continue, or enhance statin therapy [48] .
The 2016 European (ESC/EAS/Others) Guidelines on cardiovascular disease prevention in clinical practice (the Sixth Joint Task Force) suggested that adequate glycemic control decreases the risk of microvascular complications and, to a lesser degree, CVD risk [50] . However, targets should be moderate in the elderly and lower in patients with longduration DM and those with pre-existing CVD [50].
The 2017 American Diabetes Association guidelines for the management of diabetes advise the use of statins in all patients aged over 40 years. In patients aged between 45 and 70 years with CV risk factors or disease, a high-intensity statin is recommended. Of particular importance, patients in this age group with prior acute coronary syndrome and LDL-C of 50 mg/dl or greater and patients with a history of a CVD event who cannot tolerate high-dose statins should receive double hypolipidemic therapy with a moderate-intensity statin and ezetimibe. Of note, the same recommendations are suggested for patients aged over 75 years who meet the abovementioned criteria [51].
Last but not least, the 2017 American Association of Clinical Endocrinologists and the American College of Endocrinology guidelines for management of dyslipidemia and prevention of cardiovascular disease were recently released. According to these guidelines, patients with T2DM are characterized as high, very high, or extreme risk for CVD (LDL-C target < 100, < 70, and < 55 mg/dl, respectively) [52] .
These guidelines took into consideration the benefits of very low levels of LDL-C (53 mg/dl), based on the results of With the use of moderate or potent statins or combinations of statins with non-statin drugs, such as ezetimibe or PCSK9 inhibitors, there is certainty of attaining the LDL-C target set by the CVD risk level for each patient; besides, the baseline LDL-C values for patients with DM are not very high. However, even then a degree of residual CVD risk remains, given that the residual CVD risk with intensive statin therapy, though less, is still unacceptably high. Thus, CVD risk cannot be entirely eliminated, since some of it is attributable to nonmodifiable CVD risk factors, such as age, gender, ethnicity or genetic factors. Nevertheless, a good part of it is attributed to atherogenic (mixed) dyslipidemia (AD) [59] . AD consists of a triad of increased TGs, low HDL-C, and increased levels of small-dense LDL-C particles [60] . It is related to insulin resistance conditions such as obesity, metabolic syndrome (MetS), and T2DM [59] [60] [61] and is considered a potent CVD risk factor [58, 59] . Data from Southeast Asia, mainly India, indicate that the prevalence of AD after statin treatment is higher in this region than in the West (i.e., the USA or Europe), the latter possibly related to a greater degree of insulin resistance in these countries [62, 63] . If lifestyle modification has failed to normalize lipid profile in AD, intervention with pharmacot h e r a p y i s n e e d e d o n t o p o f a s t a t i n o r o t h e r hypocholesterolemic drugs. This should thus be the focus in order to attain all lipid targets (TGs and HDL, besides LDL-C which has already been achieved).
The administration of a statin-fibrate combination seems the best solution [64] . In the major study "Action to Control Cardiovascular Risk in Diabetes" (ACCORD), the combination of fenofibrate (160 mg/d) and simvastatin (20-40 mg/d) in 5518 patients with T2DM did not reduce the rate of fatal or non-fatal CVD events, in comparison with simvastatin monotherapy [65] . However, an analysis of the ACCORD group of patients with AD showed a 31% reduction in CVD events [65] . The patients in ACCORD with T2DM and AD at baseline were unexpectedly few (only 17%) [65] . Given that this is not the proportion seen in everyday practice (usually > 70%), there is a possibility that there was a patient selection bias. A substantial number of ACCORD patients came from Veteran Affairs Administration Institutions and these might not be representative of the general population. This could have been the reason that the fenofibrate-simvastatin combination did not meet the primary endpoint in the entire study, but only marginally in a small part of it. The results of the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study also showed clinical CVD benefit in patients with both elevated TG levels and low HDL-C levels [66] .
The 10-year (n = 8982) Acute Coronary Syndrome Israeli Survey (ACSIS) reported a significantly lower risk of 30-day major adverse CVD events rate (up to 66% in DM patients) and a 46% reduction during mid-term follow-up (1 year) in all patients with acute coronary syndrome (ACS) receiving combined statin/fibrate compared with those on statin monotherapy [67] . Analyses of fibrate trials [66, 68] and a meta-analysis of all fibrate survival studies demonstrated that there was a reduction of 35% in major CVD events in patients with AD but of only 6% in those with plain hypercholesterolemia [69] . Thus, as Prof. Tenenbaum (the primary investigator of the Israeli Survey) said, "If it ain't broke, don't fix it" [70] .
All the above suggest that the statin/fibrate combination is useful in AD and reduces residual CVD risk but should not be administered in patients with plain hypercholesterolemia, as it is not efficacious [71] [72] [73] [74] .
However, fibrates seem to have a beneficial effect on microvascular complications of DM, which contribute to the residual CVD risk increase [75] . In a large meta-analysis of 290 clinical studies, it was reported that fenofibrate substantially slowed in T2DM the progression of new diabetic retinopathy and pre-existing retinopathy at baseline, reduced the progression of urinary albumin excretion, and halved DMrelated amputations, the first cause of non-traumatic amputations worldwide [76] .
During the last 3 years, fixed combinations of pravastatin with fenofibrate and simvastatin with fenofibrate (the rosuvastatin with fenofibrate fixed combination has been announced) have been approved to increase compliance among patients who are already on a large number of drugs.
Alternatively, a statin/omega-3 combination can be prescribed. However, recent data imply that there is moderate strength of evidence of no effect at all on blood pressure (BP) or lipids and low strength of evidence of no effect on CVD risk [77] . Of course, given that fibrates are metabolized in the kidneys and cannot be administered in patients with chronic kidney disease (CKD with a glomerular filtration rate < 45 ml/min), except for the 60 mg formulation which is unfortunately not available in all countries, the statin (atorvastatin or pitavastatin)/omega-3 combination is mandatory for the treatment of AD in these patients, especially in CKD patients with a nephritic syndrome.
After publication of the Heart Protection Study 2-Treatment of HDL to Reduce the Incidence of Vascular Events (HPS2-THRIVE, n = 25,000 adults) results, on January 11, 2013, the European Medicines Agency (EMA) ordered the withdrawal of the niacin-laropiprant combination [78] ; the drug was withdrawn by its company (https://www. reuters.com/ article/us-merck-cholesteroldrug-withdrawal/ merck-begins-overseas-recall-of-hdl-cholesterol-drug) because among patients with CVD, the extended-release niacin-laropiprant (Tredaptive®) used for almost 4 years in Europe and China on top of statin treatment did not significantly reduce the risk of major CVD events but substantially increased the risk of serious adverse events [79] . Moreover, niacin had an adverse effect on glucose metabolism and was not the first choice of hypolipidemic drug [80] .
As described above, several options are available that help in adjustment of LDL-C and HDL-C levels. However, little is known about the impact of hypolipidemic drugs on the third component of AD lipid alterations, increased small-dense LDL-C. The impact of statins on small-dense LDL-C has not been completely clarified, with studies offering contradictory findings [81] [82] [83] . By contrast, ezetimibe resulted in a moderate reduction of small-dense LDL-C and a greater reduction in large and medium LDLs [84] . Fibrates and niacin were found to be efficacious in reducing small-dense LDL-C [85] .
Lastly, physicians are commonly concerned about the potential effects of hypolipidemic drugs on glucose metabolism, which might alter the management of hyperglycemia in the diabetes setting. Nevertheless, it should be borne in mind that most hypolipidemic drugs seem to ameliorate glucose homeostasis. Fibrates were found to improve glucose homeostasis through activation of PPAR-alpha and increases in adiponectin levels [86, 87] . Similarly, ezetimibe seems to increase insulin sensitivity in patients with increased insulin resistance [88] . Omega-3 fatty acids were shown to provide benefits in insulin sensitivity and glucose homeostasis in obese animals and in others with high insulin resistance states. With regard to the impact of fatty acids in humans, cross-sectional studies have pointed to a beneficial impact and interventional studies also demonstrate a neutral or favorable effect on glucose metabolism [89] . In contrast, statins have shown conflicting findings. On the one hand, the anti-inflammatory properties of statins, the increase in pancreatic isle blood flow, and the alteration of adipokine levels are thought to result in a favorable impact on glucose homeostasis. On the other hand, lipophilic statins were found to decrease insulin secretion. Furthermore, statins have been implicated in decreased availability of isoprenoids and thus reduction of insulin sensitivity. Of note, pravastatin has appeared to be the only exception, with consistent findings supporting a protective role of pravastatin on insulin sensitivity [90, 91] .
Conclusions
Diabetic dyslipidemia is highly prevalent in patients with T2DM (> 75%). It is usually a mixed (atherogenic) hyperlipidemia and comprises a major CV risk factor. It is commonly related to insulin resistance and is characterized by moderate increases of LDL-C, elevations of TGs, low HDL-C, and small-dense (atherogenic) LDL-C particles. The cornerstone of treatment, as in all dyslipidemias, is based on statins and the primary goal is that of LDL-C, as per the comorbidities described in the newer (above analyzed) guidelines. In a limited number of cases, i.e., patients with very high LDL-C who are mainly exposed to very high to extreme CVD risk, ezetimibe or even a PCSK9 inhibitor can be added (to the statin). After statin treatment, a part of the modifiable residual CVD risk is due to high TGs and low HDL-C. This is the case for a statin-fibrate combination which has been proven to further reduce CVD events and ameliorate microvascular complications of DM (retinopathy, nephropathy, and amputations). Fixed combinations of statin-fibrate increase patient compliance to therapy.
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